Studies on nesting behaviour of turtles provide the most important information on their reproduction by providing estimates of female population size. Kosgoda, located in the southwest coast of Sri Lanka, has a year-round nesting rookery which is visited by five species of sea turtles, the green turtle being the most frequent visitor. Nesting behaviour of the female green turtle was studied at the Kosgoda rookery during a five-year period from August 2003 to July 2008. A total of 1,492 nests of the green turtle were recorded with a mean of 298.4 annual nests. Nesting took place year round, with 66 % of nesting recorded during February to June. The highest and the lowest number of nests were recorded in April and November, respectively. The average clutch size of a female green turtle was 111.5 and the clutch frequency was 2.17. The average annual nesting abundance in the study area was 138.28. Of the 2,297 nesting attempts, 805 were false crawls accounting for a nesting success of 65%. Females nesting at Kosgoda showed nest site fidelity. More than half of the females (54.3%) nested in the same beach twice or more (mean 2.17) during the same nesting season. The highest number of re-nesting recorded was ten and the mean inter-nesting interval was 13.5 days. Of the 519 individuals tagged during the study period, 56 re-visited the same beach for nesting during the subsequent nesting seasons with a mean re-migration interval of 2.56 years. One female visited the same beach three times for nesting during the study period (after 2.67 years and then after 1.83 years). The nesting behaviour of the green turtle at Kosgoda rookery was similar to those at Rekawa, the largest rookery in Sri Lanka, located in the southern coast 130 km away from Kosgoda. Rekawa beach was declared a sea turtle sanctuary in 2006. This study shows that Kosgoda beach also provides a significant nesting site for the green turtle and highlights the need to declare it as a sanctuary.
INTRODUCTION
Of the seven species of sea turtles in the world, five species nest in the south and southwest coast of Sri Lanka. These include the green turtle, leatherback, olive ridley, hawksbill and the loggerhead turtle. Of them, the green turtle, Chelonia mydas (Linnaeus, 1758) is the most frequent visitor (Deraniyagala, 1939 (Deraniyagala, & 1953 . The green turtle is a circum-global species and majority of its nesting and feeding grounds lie throughout the tropical (Prichard, 1997) and to a lesser extent in subtropical waters (Seminoff, 2004) . Nesting occurs in more than 80 countries worldwide (Hirth, 1997) . Their movements within the marine environment are less understood but it is believed that the green turtle inhabits coastal waters of over 140 countries (Groombridge and Luxmoore, 1989) . Large nesting rookeries are found on mainland shores in Costa Rica (Bjorndal et al., 1999) , barrier reef islands of Queensland, Australia (Limpus, 1995) and on Ascension Island . Some green turtle populations show year round nesting while others are seasonal nesters (Hirth, 1980) . The Green turtle produces multiple clutches of eggs per nesting season. The number of clutches laid by a female varies considerably from year to year and is dependent on dietary, behavioural and physiological factors (van Buskirk and Crowder, 1994; Miller et al., 2003) . When a female selects a nesting beach, it has a tendency to re-nest in relatively close proximity (0-5 km) to the original nest during subsequent nesting attempts within a nesting season and __________________________________________ *Corresponding author's email: rupikar@pdn.ac.lk between nesting seasons. This behaviour is defined as the "nest site fidelity" (Miller, 1997) . All sea turtles show nest site fidelity (Hirth, 1980; Ehrhart, 1992) , among which the green turtle shows the highest degree of nest site fidelity (Miller, 1997; Bjorndal et al., 2005; Ekanayake et al., 2006; Formia et al., 2007) .
A nesting female emerges from the ocean, crawls up the beach to find a suitable nesting site, and starts the nesting process. Turtles do not lay eggs during every nesting activity. They may abandon the nesting efforts at a number of different stages of the nesting process and return to the sea, which is called a false crawl (Miller, 1997) . They usually emerge and nest later on the same or subsequent night. Close observations can assess whether or not an activity has resulted in the laying of a clutch (nest). A turtle may false crawl at any point in her nesting sequence up to the point where her eggs are laid. Nesting success is expressed as the proportion of activities which results in a nest.
Kosgoda rookery is the second largest turtle rookery in Sri Lanka, where year-round nesting of all five species of sea turtles take place. Clutch frequency, annual nesting abundance and nesting success are the most important parameters of turtle reproduction and are necessary to estimate female population size (Meylan, 1982) . As the second largest rookery, Kosgoda provides an ideal location to study nesting behaviour of the female Green turtle. Although the reproductive behaviour of turtles nesting at Rekawa, the largest rookery in Sri Lanka, has been studied during the1990s (Kapurusinghe, 1996; Richardson, 1998) long term studies have not been carried out on nesting behaviour of the Green turtle at the Kosgoda rookery.
MATERIALS AND METHODS

Study site
One kilometre stretch of beach at Kosgoda (6 33' N, 80 02' E) in the south-western coast of the island was selected for the study ( Figure  1 ). Turtle rookery at Kosgoda covers a 4 km stretch of beach close to the Colombo -Galle main road, in a highly populated area (population at Kosgoda 7,500). The coastline presents a range of anthropogenic influence from urban to near wilderness areas. A large tourist hotel is located adjacent to the beach together with other developments and disturbances. The beach access within the rookery operated area is limited, thereby creating a virtually undisturbed nesting and incubation area for the sea turtles. The coastline is characterized by natural vegetation, such as screw pine (Pandanus odoratissimus), half-flower tree (Scaevola taccada) and beach morning glory (Ipomea pes-caprae). Presence of predators of turtle eggs, such as dogs, lizards (Varanus salvator and Varanus bengalensis), mongoose (Herpestes sp.) and ghost crabs (Ocypode sp.) is common in and around the study site. Tidal amplitude is very low at Kosgoda. The slope of the beach is less than 30º and most of the beach area consists of fine sand.
Nesting activities
The study area (1 km stretch of beach at the Kosgoda rookery) was marked by wooden posts at 50 m intervals. The posts were consecutively numbered from 0 to 20 starting from the south end of the study area. Daily surveys of the green turtle nesting emergences were carried out from August 2003 to late July 2008 by the trained field assistants working in the Turtle Conservation Project (TCP).
Beach was surveyed for 24 h for females emerging to lay eggs and the tracks were followed to determine whether a nest had been laid or the female had left the beach without nesting. The nesting area was monitored day and night to protect the nests from egg poachers and natural predators. The total number of nesters that laid eggs at the study site per year, clutch frequency (number of egg clutches deposited by a nesting female during a nesting season) and the annual nesting abundance (the total number of nests laid during a year/mean clutch frequency) were calculated.
Nesting success
The successful and abandoned nesting attempts (false crawls) were recorded. The percentage nesting success was calculated as a proportion of the total nesting attempts. Tracks were examined to determine the direction that the turtle was travelling which helped in identifying where she may have nested. The association between the number of successful nesting and number of false crawls was determined using Pearson's correlation.
Nest site fidelity
The nesting turtles were tagged on the front flipper when they were covering their egg chamber. Titanium tags (Stockbrands Co (Pvt.) Ltd., Western Australia) bearing an identification number and the address of the location (TCP, Sri Lanka) were used. Tagging of females was done only after nesting was completed. False crawlers were not tagged. Total number of new turtles (untagged) and the number of tagged females (re-nesting females and re-migrated females that had returned to Kosgoda after been tagged the previous season) were recorded. Even if the female turtle and nesting activity were not observed, new nests found on the beach were also identified and counted.
The inter-nesting interval of re-nesting turtles during a season was calculated by counting the days elapsed from its previous successful nesting date (for example if a tagged turtle nested on the 1 st , 12 th and the 30 th, her nesting intervals were calculated as 11 days and 18 days.). The remigration interval (inter-seasonal nesting periodicity) was calculated by counting the number of days from the last nest of the first season to the first nest of the next season.
RESULTS
Nesting activities
A total of 1,492 nests of the green turtle were recorded with mean annual nesting of 298.4 for the study period. The total number of nests per year varied during the five year study period, the highest number of 400 nests being recording in [2005] [2006] (Table 1) .
Year round nesting was observed with a distinct peak in April (Fig. 2 ) and the lowest in November. During the peak season (March to June) at least one or two females (daily mean 1.8) visited the beach daily, the highest being 7 nesters. The highest number of monthly nesting was observed in March 2006 (63 nests) while the lowest was recorded for January and October 2007 (three nests each; Fig.  3 ).
The mean clutch frequency (number of egg clutches deposited by a nesting female during a nesting season) was 2.17 and the annual nesting abundance varied from 110.00 to 171.67 per year, highest being recorded during 2005 -2006 (Table 1 ). The minimum number of eggs laid by the green turtle was four which was recorded from a disturbed female. She never returned to nest at the same site. The maximum number of eggs laid by a female was 1,249 which were laid in nine nests in one 
Nesting success
Of a total of 2,297 nesting attempts recorded during the 5-year study period, 805 were false crawls (35%). Therefore, the nesting success at the Kosgoda beach during the study period was 65%. There was a significant increase in the number of false crawls with increasing number of nests ( 
Re-nesting, re-migration and nest site fidelity
Re-nesting and re-nesting interval
More than half of the females (54.3%) nested twice or more while some females (45.3%) nested only once during the same nesting season. The clutch frequency (number of nests laid by a female during a single nesting season) is shown in Fig. 5 . The average number of re-nesting recorded for the study period was 2.17 with the highest number being 10. The inter-nesting interval for the green turtle varied from 7 -43 days with a mean inter-nesting interval of 13.5 days (Table 2) for the study period. The distribution peaked at 10 -15 days (Fig. 6) . 
Re-migration and re-migration interval
Of the 519 individual green turtles tagged (Table 2) , 56 visited the same beach again for nesting in the following seasons. The mean remigration interval was 2.56 (±0.58) years (Fig.  2) . Only one turtle visited the study area for three consecutive seasons for nesting during the study period (initially after 2.67 years and then after 1.83 years). Two clear peaks at 2 and 3 years were observed in their re-migration pattern (Fig. 7) . 
DISCUSSION
Nesting activities of the green turtle took place throughout the year at Kosgoda rookery with 66 % of nesting occurring during February to June. They mainly nested during the dry, warm season. Nesting populations of the green turtle at Rekawa also showed a similar pattern of year-round nesting, with peaks during February and June (Ekanayake et al., 2002) . At Kosgoda rookery the highest number of nesting was observed in April and the lowest in November which is similar to the nesting pattern at Rekawa rookery (Ekanayake et al., 2002) . A similar nesting pattern has been observed in the green turtle populations nesting in Mayotte Island, South West Indian Ocean , Grande Glorieuse Island, South West Indian Ocean (Lauret-Stepler et al., 2007) and Huyong Island, Thailand (Yasuda et al., 2006) , with peaks during February to June and nesting throughout the year. However, in certain countries such as Pakistan (Qureshi, 2006) Ocean (Lauret-Stepler et al., 2007) and Derawan Island complex, Indonesia (Adnyana et al., 2008) , different nesting peaks have been observed with year-around nesting. Nesting is seasonal in some regions, lasting only during part of the year with the duration ranging from 2-3 months or up to 5-6 months. Such seasonal nesting has been observed in Andaman Islands (Harry et al., 2006) Tortuguero, Costa Rica (Fowler, 1979; Hirth, 1980; Trong and Rankin, 2005; Trong and Chaloupka, 2007) , Surinam (Hirth, 1980) and Caymen islands (Aiken et al., 2001) . Nesting usually occurs in the warmest months and even in the few populations that nest year-round, there is a marked annual peak (Miller, 1997) . The green turtle has evolved to nest during periods of the year when the sand temperatures are highest, avoiding the months when nest temperatures may get too low (Goodley et al., 2001; . Seasonal nesting is presumably a result of females timing their reproductive activity to coincide with climatic conditions that are most conducive to maximizing reproductive fitness.
The average annual nesting at Kosgoda rookery was 332 nests per kilometre. The Rekawa rookery, the major turtle nesting site in Sri Lanka, has a much higher average annual nesting of 416 per kilometre ( (Ekanayake et al., 2002) . Even though Kosgoda rookery has fewer nesting than Rekawa and other nesting beaches around the world, it is considered a significant nesting beach in the Indian sub-continent.
The number of clutches laid in a season by female turtles varied with the species, population and different individuals. Carr (1952) stated that the green turtle lay two to five times in a single nesting season and another study recorded that one green turtle laid 12 nests during a single nesting season in Redang Island, east coast peninsula in Malaysia (Chan, Personal communication). Clutch frequency varied from 1 -10 with a mean of 2.17 at Kosgoda rookery. Ekanayake et al. (2002) reported a higher mean clutch frequency of 4.0 (range 1-12) at Rekawa rookery. Varying clutch frequencies of 1.8, 2.9, 4.1 and 5.5 in French Frigate Shoals-Hawaii, Surinam, Sarawak Islands and Heron IslandsAustralia, respectively among different green turtle populations around the world have been reported (Hirth, 1997) . More recent studies show similar clutch frequencies of 3.0 in Mayotte Island and 2.93 in British Virgin Islands (McGowan et al., 2008) . Laying several clutches during a single nesting season helps to reduce egg loss by unpredictable environmental changes (Miller, 1997) . Moreover, by placing a number distinct size classes of offsprings with different sizes or hatchling dates may have survival advantages. Increase in clutch size with increasing latitude has been reported in a number of North American turtles (Congdon and Gibbons, 1985; Iverson, 1992; Iverson et al., 1993; . In lower latitudes, smaller multiple clutches would have a significant survival advantage. For temperate species, early hatching would allow hatchlings to grow prior to hibernation and late hatchlings to possibly get through their first winter on food reserves from absorbed yolks. More importantly, clutches deposited over time would decrease the likelihood that the total reproductive output of a single individual would be consumed by a nest predator (Obbard and Brooks, 1981) . Thus, multiple clutching may be more important for long-term survival of populations than total reproductive output.
Sixty five percent of the nesting attempts at Kosgoda rookery during the study period were successful while the rest (35%) were false crawls. In comparison, at Rekawa, 53% of the green turtle nesting attempts were successful, while the percentage of false crawls was higher, 47% (Ekanayake, 2003) . Similar, nesting successes of 63.5 %, 45 % and 50 % of the green turtle have been reported in Tortuguero in Costa Rica (de Haro et al., 2006) , Dry Tortugas National Park in West Florida (Reardon, 2000) and at East-Central Florida beach (Weishampel et al., 2003) , respectively. Some of the observed reasons for the false crawls are disturbances due to artificial lights, people walking in front of emerging turtles, disturbance by dogs, noise or other unusual activities in beaches, encountering obstacles while crawling up the beach or while digging egg chambers, the sand not having the right consistency or moisture or other unknown reasons. A turtle may even complete her egg chamber and for some reason not deposit her eggs. Having analysed physical and chemical characteristics of beach sand from fifty nesting areas around the world, Mortimer (1990) concluded that physiognomy of sand in nesting beaches may be a more important reason for abandoning a nesting attempt than the other factors. It is also believed that turtles select a well-ventilated substrate (Ackerman, 1980) with low salinity and high humidity (Miller, 1997) . However, for most of the false crawls the reason remains unknown.
Green turtles show a high degree of nest site fidelity (Miller, 1997; Bjorndal et al., 2005; Ekanayake et al., 2006; Formia et al., 2007) . Results of the present study also show nest site fidelity of the green turtle nesting at Kosgoda rookery. A total of 234 females (54.3%) visited the same stretch of Kosgoda beach for re-nesting in a single nesting season during the study period.
However, a much higher re-nesting frequency of 78.9% has been reported from Rekawa . The lower frequency of re-nesting at Kosgoda may be due to the short stretch of beach (1 km) therein, compared to 2 km in Rekawa. Usually there is a tendency for a female to re-nest in relatively close proximity (ranging from 0-5 km) to the original nest during subsequent nesting attempts within a nesting season and between nesting seasons (Miller, 1997) . Had a longer stretch been selected as the study area, a higher frequency of re-nesting could be expected.
The mean inter-nesting period for green turtles nesting at Kosgoda rookery was 13.5 days (range 7-43 days). A similar inter-nesting interval of 13.6 days has been reported for green turtles nesting at Rekawa (TCP, unpublished data). The inter-nesting interval ranged from 10-14 days in green turtle populations around the world (Miller, 1997; Aiken et al., 2001) . The inter-nesting period of the Tortuguero green turtles was 8 to 33 days (Troeng and Rankin, 2005) . During the inter-nesting period, female turtles mainly rest and they may feed only if there are foraging grounds close to the nesting beach (Hays et al., 1999; . When a female turtle arrives at a nesting area she carries a full set of follicles to supply yolk for all the eggs she will lay during the season (Miller, 1997) . From the time follicles ovulate from the ovary, it will take a minimum of seven days to complete shell formation (Miller, 1985) and hence, a minimum of seven days of inter-nesting duration is required.
Generally, female sea turtles do not reproduce every year. The duration between two reproductive seasons varies among species, and the re-migration interval varies from 1-7 years or more (Hirth, 1980; Miller, 1997) . Mean remigration interval for the green turtle at Kosgoda was 2.56 years with one female visiting the Kosgoda beach, in three consecutive seasons for nesting during the five year study period. This was the highest number of turtle re-migrations recorded from Sri Lanka, so far. In Rekawa, a re-migration interval of 2.5 -3.5 years has been reported for the green turtle . Similar re-migration intervals of 2-3 years have been reported for the green turtles in Tortuguero, Costa Rica (Trong and Chaloupka, 2007) , Mayotte Island , Cyprus (Broderick, et al., 2003) and Ascension Island (Broderick et al., 2006) . The re-migration interval of turtles depends on the periods of extensive food supply, during which the turtles accumulate fat reserves. It also depends on the time taken to complete vitellogenesis and time taken to travel the distance between feeding site and nesting beach. When the sea turtles reach reproductive readiness, males and females begin to migrate from their feeding grounds to copulate at breeding areas found in the region of the nesting sites (Hirth, 1997) . A female that was tagged at Kosgoda on May16, 2008 had been recovered from the beach of Phang-nga Province, the north of Phuket, Thailand on July 14, 2009 . Even though tags of remigrating females have been recovered along the coasts of Sri Lanka many times (TCP, Unpublished data), this was the first time that tag recoveries were reported outside the island with a travel distance of more than 2000 km. This is also the longest track that a green turtle had migrated, to be reported from Sri Lanka. However, as the turtle was found dead on the beach, the exact location of its feeding ground is unknown. It could be a place close to Andaman Islands or Thailand. Female green turtles tagged using satellite tags in Rekawa turtle rookery in southern coast of Sri Lanka have travelled to the Gulf of Mannar Biosphere Reserve, off Tamil Nadu, India, (a distance of about 410 km) and to the coast of Karnataka, Western India, travelling a distance of about 1,130 km (Richardson et al., 2010) . The green turtles nesting in Kosgoda and Rekawa may be different populations with different feeding as well as breeding grounds. A satellite tagging of the turtle populations in the Kosgoda rookery is required to confirm the migratory patterns of the green turtle. Global conservation efforts for sea turtles are focused on nesting and foraging areas as well as the their migratory pathways. This study provides evidence that females of the green turtles nesting in Sri Lankan beaches do migrate outside the coastal waters of Sri Lanka and highlights the importance of incorporating regional coordination as recommended in the Marine Turtle Action Plan of Sri Lanka.
Understanding the behaviour of nesting populations at a rookery is important for longterm monitoring of life history traits of the green turtle to provide a meaningful insight into their conservation. The Rekawa beach was declared as Sri Lanka's first marine turtle sanctuary by the Department of Wildlife Conservation, in 2006. The present study shows that Kosgoda rookery is also an important nesting beach for the green turtle and highlights the significance of declaring it a sanctuary.
